THAT HIGH LEVELS of certain biological variables are associated with coronary heart disease has been shown repeatedly. Such a relationship has been demonstrated for serum cholesterol, blood pressure, and weight as discussed elsewhere,' and for glucose tolerance. 2 3 Thus, it has become essential to define and measure the factors which regulate the levels of these variables. In this connection, epidemiological studies among general populations can provide an important contribution. Furthermore, studies within families representative of the population at large offer great but hitherto largely unexplored possibilities, for it is within families that environmental and genetic factors interact providing a particular advantage in the study of etiological mechanisms. 4 
'
A study of this nature covering an entire community is being undertaken in Tecumseh, Michigan. In this community, serum cholesterol, blood pressure, and blood glucose after a standard load tend to follow a bell-shaped distribution except for slight positive skewness among older persons. 6 7 In addition, positive correlations were shown between first degree blood relatives but not between spouses for serum cholesterol and blood pressure levels6; the shape of the distributions as well as the linearity of the regression curves obtained, suggested that these two variables conformed to a multifactorial mode of determination.
The present investigation covering four biological variables associated with coronary heart disease was undertaken to confirm and amplify the previous findings by using a different method of analysis, based on relative frequencies rather than correlation and regression analysis, and to contribute to the study of the relative role of genetic and environmental factors in determining the levels of these variables. Advantage is taken of the wide age range represented in the Tecumseh community to detect differences in the degree of aggregation between relatives according to age, assuming that relatives in the younger age groups live together and consequently have a greater tendency to share the same environment than older relatives who generally live apart; the extent to which environmental factors are operative might thus be assessed by comparing degrees of aggregation by age.
Methods

Description of the Population and Ascertainment of Variables
The Tecumseh community and the general methodology followed in the broad epidemiological study of which the present investigation is a part, were described in previous publications.2' 8, 9 The community consisted of approximately 9,800 persons at the time of the base line study, 88% of whom were examined. The findings reported herein are based on the first round of examinations conducted in 1959 and 1960. The age distribution is shown in table 1. Weight and blood pressure, which do not involve the collection of blood specimens, were ascertained for all age groups; serum cholesterol and blood glucose were not measured in children less than 4 years old. Weight is expressed as a relative weight index which takes into account body build.'0 Systolic blood pressure readings only are used in this analysis since a previous investigation6 showed that no appreciable differences existed between systolic and diastolic blood pressure with respect to resemblance among relatives.
A modified glucose tolerance test7' 11 was used during most but not all of the investigation; about 75% of the blood sugar determinations refer to specimens obtained 1 hour after the administration of a standard load and approximately 25% to casual specimens collected before the load test had been introduced, but no bias was involved in this selection, as explained elsewhere.7 Since no differences were observed between the analysis based only on persons who received a glucose challenge and the total group, including the data based on casual specimens, only the pooled data are presented.
Methods of Analysis
In addition to the four variables which constitute the focus of the present study, constant reference will be made to another biological variable-height. This constitutes a well-documented example of a multifactorially determined variable in which genetic factors play a preponderant role in developed countries12 13; it iS, therefore, used as a frame of reference.
Participants were grouped with respect to all five variables into three categories-low, intermediate, and high-according to their position within age and sex specific percentile distributions. "Low" corresponded to the lower quintile, "high" to the upper quintile, and "intermediate" to the middle three. This arrangement identifies a participant in relationship to others belonging to the same sex and age group. A more extensive division was followed with respect to blood glu-cose: the population was subdivided not only by age and sex but also according to whether participants had received a glucose challenge or not; those who had not been challenged were in turn classified according to the time elapsed since their previous meal. Percentiles were computed separately for each group; the relatively small number of known diabetics on hypoglycemic treatment other than diet alone, were included among the "high" group.
Two different methods of analysis are used in the present investigation. One of them is concerned with relationships between parents and children and will be referred to as the "parentchild method"; the other deals with relationships between siblings and will be called the "sibship method." "Parent-Child Method" All couples having one or more examined children for the variable under study were grouped into nine categories according to the combination of levels (high, intermediate, or low) among spouses. Thereafter, all children corresponding to a determined parental category were in turn classified as having high, intermediate, or low levels, and the number observed for each of these three levels was compared to the number expected under the assumption that a child's level is independent of his parents' and siblings' levels. The number of matings in each parental category and of corresponding children, are shown in table 2, using serum cholesterol levels as an example. "Sibship Method" In order to facilitate the analysis, only sibships in which two siblings were examined have been included in the present investigation, irrespective of whether their parents had been ascertained. There is no reason to believe that by limiting the analysis to these sibships any appreciable biological selection has been introduced. The number of sibships varied from a maximum of 872 for height to 558 for blood glucose. Sibships were then classified into six categories rather than nine as in the case of the "parent-child" method, as follows: both with low levels; one low level and one intermediate; one low and one high; both intermediate; one intermediate and one high; both high. The number of sibships observed in each category was compared to the number expected on the basis of no association between siblings' levels.
The main reason for using the "sibship method" was to obtain a broader coverage of the older age groups than would have been possible by the parent-child method alone. Table 3 shows that the majority of children over the age of 16, Orculation, Volume XXXIII, June 1966 who have both parents ascertained, were late adolescents or young adults, most of whom presumably still lived with their parents. On the other hand, it can be seen that a better representation of the older age groups is obtained by using the "sibship method."
Results
Patterns of Resemblance Between Parents and Children
Since height is being used here as a frame of reference, relationships between parents and children with respect to this variable will be examined first. Figure 1 , representing all ages and both sexes, shows height levels of children according to those of their parents. As might be expected for a variable that conforms to a multifactorial mode of determina- tion, both the characteristics "high" and "low" for the children present a stepwise, reciprocal change which follows closely the stepwise changes in level for the parents, a gradient being found from two parents "high," to one parent "high," to neither parent "high." The patterns formed by the two extremes represent almost mirror images. The percentage of children who are in the high level group increases in an even fashion as the level in one parent increases while the level in the other is being held constant; no steepening of the gradient occurs when the higher levels are reached. This situation is well illustrated by the fact that the percentage of "high" children originating from matings when both parents are also "high" almost equals the percentage of children who are "low" originating from matings when both parents are "low": 51% and 46%, respectively, instead of the expected 20(%. Two additional features are of interest. First, matings when both parents have "intermediate" levels result in approximately the same percentage of children "high" as when one parent is "high" and the other "low." Similarly, the percentage of "lows" originating from matings when one parent is also "low" and the other "intermediate" almost equals the one of "highs" resulting from matings when the parents follow a "high" and "intermediate" In the case of relative weight, the pattern formed by the characteristic "high" is somewhat irregular; conversely, a similar phenomenon occurs for the characteristic "low" in the case of blood glucose. Furthermore, gradients for relative weight, systolic blood pres-sure, and blood glucose appear less steep than those for height and cholesterol. Thus, when both parents are classed as "high" for systolic blood pressure, only 35% of their children are also "high." Although this figure is well above the 20% expected, if there were no aggregation, it is considerably below the 51% observed for height. environmental factors on the resemblance between parents and children, the data have been analyzed, for reasons already mentioned, according to whether the children were likely to be still living at home or, at age 15 and beyond, would increasingly tend to create for themselves an environment of their own. The data have been analyzed separately for male and female children but were pooled since the trend appeared to be similar in the two sexes. The results for serum cholesterol, blood pressure, relative weight, and blood glucose are shown in tables 4 to 7.
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For all four variables, the degree of resemblance between parents and children appears to be approximately the same in the two age groups, as shown by the steepness of the gradient formed between the two extreme situations-both parents "low" and both parents "high." In the case of serum cholesterol, blood pressure, and relative weight, the variables appear to be influenced approximately to the same extent by mother and father, in both age groups. On the other hand, fathers appear to exert less of an effect on the blood glucose levels of the younger children. Blood glucose levels of children by those of parents: Tecumseh, Michigan (1959) (1960) In table 9, sibships with two examined persons have been classified into three groups according to the age of their members: younger than 16, between 16 and 40, and older than 40 (see footnote to table 9 for explicit definition of age groups). The distribution of sibships according to the pattern of combination formed between the siblings is shown separately for each of the three age groups. Table 10 , derived from the previous one, describes for each of the five variables aggregation between siblings within the three age groups. Aggregation is assessed by taking all sibships in which at least one member is "high" and comparing the observed percentage of those sibships in which the other sibling is also "high" to the percentage expected on the basis of no sibship aggregation. In order to avoid interdependence and overlapping of Circulation, Volume XXXIII, June 1966 the data, the analysis was not repeated for sibships with at least one member "low" or for those with at least one member "intermediate." Expected percentages were calculated by means of the equation shown in table 10, being 22% (2/9) for one sib "low," 67% (6/9) for one sib "intermediate," and 11% (1/9) for both sibs "high." Observed percentages are shown in the third column for each of the five variables. Data for both sexes combined are given in table 10. The data were analyzed separately for those sibships with two brothers those with one brother and one sister, and those with two sisters. Since no consistent differences were detectable among the three groups, the data were pooled.
In the case of height, as anticipated, more aggregation occurs between siblings belonging to the 16 to 39-year age group than between those who are younger. However, for unexplained reasons, the trend does not Relative weight levels are based on age-sex specific percentiles. L (low): Less than or equal to the 20th percentile. M (medium): Between the 20th and 80th percentile. H (high): Greater than or equal to the 80th percentile. appear evident beyond the age of 40. Using the percentage with both siblings "high" as a measure of aggregation, a consistent pattern emerges regarding the other four variables: A greater degree of aggregation is observed for the youngest age group than for the intermediate one and having decreased in the 16 to 39 age group, it tends to rise again after the age of 40. The trend is not present to the same extent among the four variables, yet the consistency of the pattern observed suggests that it is real and meaningful. In the case of blood glucose, this trend could also be demonstrated when known diabetics were excluded from the analysis; both members were "high" in 28% of the sibships in the youngest age group, 11% in the intermediate group, and 17% in the group above age 40, compared to respectively 28%, 13%, and 16% observed when the known diabetics are included as given in table 10.
Discussion
As indicated by the data shown in figures 1 to 5, the present investigation supports and extends previous work suggesting a multifactorial mode of determination for blood pressure, serum cholesterol,6 and, on the basis of less extensive analysis, for glucose tolerance.7 The term "multifactorial" is used here in accordance with Roberts' definition,'4 implying that numerous factors, each exerting only a small effect, are operative; these factors are not necessarily of a genetic nature but may be environmental as well. The degree of resemblance between parents and children, for all five variables, was approximately the same over the whole range of the distribution. If high levels of these variables were under the control of a single gene, an increased degree of aggregation would presumably have been observed at the upper range of the distribution. Blood glucose levels are based on age-sex specific percentiles. L (low): Less than or equal to the 20th percentile. M (medium): Between the 20th and 80th percentile. H (high): Greater than or equal to the 80th percentile. Diabetics on treatment other than diet alone were arbitrarily classified as "high."
The study of differences in aggregation by age provides useful clues regarding the relative role of genetic and environmental factors in the determination of the variables under study. Two aspects of the findings revealed by the "sibship method" deserve emphasis: the observed degree of aggregation between siblings is higher in the younger than in the intermediate age group and tends to rise again in the oldest age group (table 10). The first of these findings seems to indicate that environmental factors exert a strong influence upon persons belonging to the intermediate age group, since lack or decrease in aggregation between siblings who are not generally living together but are still sharing the same genes, can presumably only be explained by environmental differences. Conversely, the increase in aggregation occurring after the age of 40 suggests an enhancement of genetic factors with the approach of middle age. The Circulation, Volume XXXIII, June 1966 relatively high degree of resemblance between siblings below the age of 16 is more difficult to explain in these terms since they share the same genes as well as the same environment. The fact that, with the exception of blood glucose, younger children appear to be influenced to the same extent by mother and father, suggests that genetic factors operate strongly in this age group. This does not imply that the environment is unimportant at these ages. It merely indicates that, in the relatively uniform environment within the home, genetic differences can be discerned. If the home environment were changed, there might be a shift in the level of the variables under study without necessarily affecting the degree of familial resemblance.
These trends were not apparent in terms of the "parent-child method"; older children did not differ from younger ones with respect to the degree of resemblance to their parents.
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Age of children, yr.
4-14
Total 15+ Total This seeming contradiction loses force if one keeps in mind that the children included in the older age group by the "parent-child method" of study were on the average younger than the siblings in the intermediate group analyzed by the "sibship method" (table 3) . Consequently, many of the relatively older children analyzed by the "parent-child method" still shared their parents' environment.
The findings discussed are perhaps best explained in terms of a theoretical model which has been put forth in connection to blood pressure. Two features of this model are particularly pertinent to the present situation: the contention that the level of a variable is basically determined by genetic factors but may be altered by the environment1-and the supplementary statement that an increasing expressivity of genes relatively late in life renders displacement by environmental factors more--difficult.'4' 16 An alteration of basically genetically determined levels by environmental factors has also been postulated for serum cholesterol,17 and recent work concerning levels of blood glucose among young relatives of diabetics supports the hypothesis of an increasing penetrance of genes wvith age. '8 Assessment of the role played by environmental and genetic factors has obvious practical implications with respect to the pinpointing of susceptibles and introduction of preventive measures early in life. Our data suggest that it is possible to specify for an individual his risk of developing high values of a variable in the future on the basis of the values shown by his parents or siblings, provided these relatives have reached an appropriate age. Before middle age is attained at approximately the age of 40, values of variables do not seem to constitute an adequate basis for prediction; they appear to be CircuaItion, Volume temporarily subject to strong environmental influences and do not necessarily bear a relationship to values occurring later in life at the time genetic expression becomes fully operative. It may be inferred for the same reason that knowledge of an individual's variable early in life does not permit one to predict its value in middle age and old age. The foregoing considerations concerning predictability are iadvanced tentatively. They depend mainly on the assertion that aggregation among siblings increases after the age of 40; this finding, although observed consistently for the four variables under study, was based in each case upon a relatively small number of observations. More definitive answers will have to await the results of the several longterm prospective studies currently in progress or to even more extensive cross-sectional studies. The fact that the influence of genetic factors seems to increase with age, as suggested by this study, should not lead to a nihilistic view about environmental control. In fact, current knowledge justifies the assumption that, in the final analysis, the expression of the genotype often depends upon its interplay vith environmental factors.
Summary
In the course of an epidemiological study covering an entire community, Tecumseh, Michigan, the familial aggregation of various levels of four variables associated with coronary heart disease-serum cholesterol, systolic blood pressure, relative weight, and blood glucose after a standard load-was assessed quantitatively by determining the relative frequencies of high, intermediate, and low levels of the variables for several familial combinations. High, intermediate, and low levels for each variable were defined in terms of quintiles (highest, middle three, lowest, respectively) of the distribution of the variable specific for age and sex.
Parents and their children and siblings were compared. There was a striking resemblance between children and their fathers and mothers for all the four variables under study, Circulation, Volurme XXXIII, June 1966 as well as for height which was used as a frame of reference. The degree of resemblance between parents and children was approximately the same at the three levels-"low," "intermediate," and "high"-of the variables, pointing to a multifactorial mode of determination.
In an attempt to assess the relative role of environmental and genetic factors with respect to the determination of the variables under study, degrees of aggregation by age were compared. An appreciable degree of resemblance was found among siblings below the age of 16 who may be presumed to share the same environment to a great extent. Aggregation was less marked for siblings between the ages of 16 and 40, a time when less of the same environment is shared, but it rose again after age 40. It is postulated that the observed rise after age 40 is due to an increase in the penetrance of the genes involved, at middle age and beyond. In addition, this pattern of aggregation suggests that environmental factors may play a stronger role prior to middle age. A similar subdivision by age, was used to study relationships between parents and children; although no corresponding differences between age groups were found, this apparent inconsistency with the sibship data could be explained, in part, by differences in age composition of the groups involved.
The practical implication of the foregoing pattern of familial aggregation lies in the possibility of specifying for an individual the risk of developing high values of a variable predisposing to coronary heart disease in the future on the basis of the values shown by his parents and siblings.
